In this study, a GA-based approach is employed to directly find the intervals of solution to the inverse fuzzy inference problem. Moreover an effective search algorithm based on fuzzy reasoning is applied to narrow down search range for the possible breakdown causes. Through the assistance of the developed diagnosis system, an inspector can be more easy and effective to find various possible occurred breakdown causes by judging from the observed symptoms during manufacturing process.
Introduction
There are quite a lot of hardware facilities, e.g., weight lifting and many other physical exercise training machines in gymnasium, which are provided for tourists doing work out and need to be maintained and kept always in good functioning in the hospitality industry. Besides, the inspecting & tracing process for the breakdowns causes during manufacturing still heavily depends on the expertise of an experienced technician. It is required to develop a more effective approach to finding solution to inverse fuzzy logic problem during diagnosing breakdown causes. Although the effective algorithm for solving the inverse fuzzy logic problem have been researched [1] [2] [3] and reported in many studies [4] [5] [6] , the proposed methods need proceeding with complicate compare procedures. In order to solve the above-mentioned problems, in this study, the search for the solution to fuzzy logical equation is of an optimization problem solved by genetic algorithm (GA) [7, 8] . We present a GA-based approach to directly find the intervals of solution to the inverse fuzzy inference problem. Moreover an effective search algorithm based on fuzzy reasoning is applied to narrow down search range for the possible breakdown causes. Through the assistance of the developed diagnosis system, an operator can more easily and effectively find various possible breakdown causes by judging from the observed symptoms during manufacturing process.
Fuzzy Logical Equation
Let the relationship between symptoms and causes in a diagnosis process be represented as r ij . Thus, the relationship between cause i and symptom j in a diagnosis system can thus be illustrated as that between i and j in an diagnosis situation when a relationship exists between breakdown cause i and symptom j, the r ij is shown as 1; otherwise it is 0. Assume that matrix R is composed of elements r ij of size m×n, matrix A is a row matrix consisting of m elements, and matrix B is a row matrix consisting of n elements, respectively. The relationship between causes and symptoms in a diagnosis system can thus be shown as the following. 
where V: max,  :min, i=1,2,...,m, and j=1,2,...,n.
The diagnostic procedure seems quite simple using given matrix A and matrix R to find the solution of matrix B because there exists only one specific solution. Yet using matrix B and R to find matrix A, which can fit the requirement of equation 1, will be rather more sophisticated because more than one solution exists. Such kind of vague relations existing between breakdown causes and symptoms are called fuzzy relations.
Solutions to the Inverse Problems
Assuming that matrices A, B, and R in Equation 1 are all fuzzy set [9] , to find the solution of matrix A in Equation 1 from given matrices B and R is an inverse problem of a fuzzy relational equation. For instance, when m=n=1, the solution, represented as a*, of the inverse problem of b=ar can be shown as
The solution to the problem of fuzzy logical equations (i.e., Equation 2) is formulated in this way. Vector a=(a 1 ,a 2 ,…,a n ), which satisfies limitations of a i  [0,1], i=1,2,…,m, should be found and provides the least distance between expert and analytical measures of effects significances, that is between the left and the right parts of Equation 2. Minimizing , …, a n (k) ) be some kth solution of optimization problem in Equation 5 . While searching for upper boundaries (a i u ) it is suggested that a i (k)  a i (k-1)
, and while searching for low boundaries (a i l ) it is suggested that a i (k)  a i (k-1)
. It is shown on the Figure 1 where the arrows correspond to direction of the search.
Developing search mechanism based on GA
To solve a problem, the GA randomly generates a set of solutions for the first generation. Each solution is called a chromosome that is usually in the form of a binary string. According to a fitness function, a fitness value is assigned to each solution. The fitness values of these initial solutions may be poor; however, they will rise as better solutions survive in the next generation. A new generation is produced through the following three basic operations [7] . The bit-size of each element of matrix A is set to 7 bits. Thus, a chromosome string consisting of N (= n×7 ) bits is formed and its layout is shown in Figure 2 . The target is to minimize the distance between the observed values (i.e., b j ) and the calculated (i.e., V (a i  r ij ) ones as shown in Equation 5 . The fitness of GA used in search mechanism can thus be set as Equation 6 . This approach will allow the GA to find the minimum difference between them when the fitness function value is maximum (i.e., approaches to 1).
where V: max, :min, i=1,2,...,m, and j=1,2,...,n.
System Implementation
An effective searching algorithm for the diagnosis procedure [1] is employed in the study. An application to tracing the breakdown causes occurred during spinning was reported in this study. There were 6 kinds of defects that are most likely found during spinning and 20 possible occurrence causes of these defects all chosen from and referred to the reports [10] on the occurrence causes and the effects of the defects in spinning.
(1)Symptom Set and Cause Set Table 1 shows all the truth values of members of fuzzy relation matrix R. The cause set A and the symptom set B consist of the above-mentioned 20 causes and 6 kinds of defects respectively and the elements of each of the two are illustrated in Table 2 .
(2) Diagnosis Example According to the observed symptoms, the positive and negative symptom are obtained as J 1 ={b 2 , b 4 , b 6 } and J 2 ={b 1 , b 3 , b 5 } respectively. Firstly, the searching range is set to I 1 (={i | V R ij < rather rather true, V R ij > unknown}) to investigate the possible break down causes. The found diagnostic result can be regarded as the actual "cause". There are five suspected breakdowns (i.e., a 9 , a 10 , a 15 , a 19 , a 20 ) found based on the searching range I 1 () [1] after checking fuzzy relation matrix shown in Table 1 based on the above-set J 1 (={b 2 ,b 4 ,b 6 }) and J 2 (={b 1 ,b 3 ,b 5 }).The number of possible breakdown causes are effectively reduced from 20 (i.e., a 1 , a 2 ,…, a 20 ) down to 5 (i.e., A=(a 9 , a 10 , a 15 , a 19 , a 20 )).
(3) Search Results By narrowing down the search range step by step using GA, the upper and the low boundaries of a 9 u , a 10 u , a 15 u , a 19 u and a 20 u can be acquired and listed in Table 3 and 4 . . The obtained solution allows making a diagnosis conclusion. The cause of the observed defects should be considered as a 19 (i.e., mal-positioned de-knotter), because of which has a higher solution boundary than the other four. In this experimental case, after the technician for maintenance in the mill proceeding with the troubleshooting, the exact breakdown cause is confirmed to be a 19 (i.e., mal-positioned de-knotter). From the diagnostic case illustrated as above, the accuracy of the implementation of this system is approvable.
Conclusions
The determination on the breakdown causes becomes more effective in the diagnosis procedure based on GA employed in this study. It was constructed using the fuzzy set theory, which does not simply perform the routine calculations like those developed by the conventional programming algorithm, can be more flexible to find the solution to fuzzy logical equation by genetic algorithm. The developed diagnosis model is of the nature of human capability in recognition and evaluation of uncertain linguistic description. Through the assistance of the developed diagnosis model, even a new inspector, who lacks in the expertise and experience in any specialized field, can still easily find out the breakdown causes occurred during manufacturing process and then eliminate them. The developed diagnosis model can also be expected to apply to the trouble shooting for the hardware facilities in the hospitality industry, e.g., weight lifting and many other physical exercise training machines in gymnasium, to help maintain and keep them always in good functioning to serve the customers.
